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Objectives and study design: The diagnostic apability of angioscopy for endoluminaI evaluation is established and its 
superiority over arteriography for completion studies has been confirmed. The therapeutic use of angioscopy in vein graft 
preparation is more controversial. The aim of this prospective study was to establish whether angioscopic vein preparation 
confers real benefits over existing techniques. 
Methods: Forty-seven patients were randomised to either full angioscopic (ANG) vein preparation (23 patients) or 
conventional (CON) in situ grafting (19 patients). All patients underwent completion studies with arteriography and 
angioscopy and postoperatively, entered a Duplex graft surveillance programme. 
Results: There was a significant difference in the incidence of wound morbidity : 26% in the ANG group as against 63% 
in the CON group (Fisher's exact test : p = 0.043), but no significant differences with respect to duration of operation, 
duration of vein graft preparation, length of hospital stay and both 30 day and 12 month secondary cumulative patencies 
(log rank test : p > 0.5). Completion angioscopy detected eight persistent valve cusps in six patients, all missed at 
arteriography, but failed to detect arteriovenous fi tulae. 
Conclusions: Angioscopic preparation reduces wound morbidity and complements arteriography for detecting intra- 
operative defects. A large, prospective, randomised trial is now warranted to fully evaluate the potential therapeutic role 
of angioscopy with respect o current vascular practice. 
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Introduction 
The rapid evolution of endovascular techniques and 
the trend towards more distal bypasses to tibial and 
pedal bypasses have, in turn, provided much of the 
impetus for the development of vascular endoscopy 
through an appreciation of the limitations of arteriog- 
raphy and a preference for additional means of 
intraluminal visualisation. 
In the context of infrainguinal bypass grafting, 
angioscop35 in its diagnostic apacity, permits intra- 
operative ndoluminal inspection of proposed vein 
grafts before use and provides an additional modality 
by which to assess vein quality 1"2 which, if sub- 
optimal, can compromise graft patency. 3 In addition, 
angioscopic completion studies enable examination of
the graft, anastomoses and native run-off vessels for 
visualisation of retained valves, intimal flaps and 
other technical defects (Fig. li-k) which, if found, can 
be corrected prior to closure and if undetected can 
*Please address all correspondence to: Y.G. Wilson, Vascular Studies 
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undermine graft integrity. Several centres have 
reported on the comparative diagnostic sensitivities of 
the different modalities available and many have 
claimed a superiority of angioscopy over arteriog- 
raphy for the detection of graft abnormalities at 
completion. 4-8 
As a therapeutic tool angioscopy assists the in situ 
technique of vein bypass grafting by enabling retro- 
grade valve lysis under direct vision. 9 In addition, 
angioscopy localises the sites of tributaries for ligation 
via stab incisions at the sites indicated by transillumi- 
nation of the angioscope light through the skin, 
avoiding the need for extensive exposure of the 
vein. 
The proponents of angioscopically-assisted femoro- 
popliteal and femorodistal in situ bypasses have 
predicted that the technique would reduce wound 
morbidity and hospital stay and enhance patency 
rates. 2'~°'~1 However, some claims have been based on 
retrospective r views and historical controls and there 
is a need for a large, prospective, randomised trial to 
critically assess these end-points. To evaluate the 
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applications of angioscopy as comprehensively as
possible, a small prospective, randomised trial of 
angioscopic and conventional in situ preparation 
techniques was undertaken (as part of a larger study 
into the application of angioscopy for quality control) 
to establish whether angioscopy would confer advan- 
tages over existing techniques for in situ preparation 
of the long saphenous vein. 
From the outset, it was appreciated that power 
calculations demanded patient numbers that could 
not realistically be met, thus limiting a comparative 
evaluation, particularly with regards to patency data. 
However, it was felt that useful information would be 
forthcoming regarding additional end-points uch as 
wound morbidity and hospital stay and that even a 
limited study would provide valuable information for 
the design of future definitive trials on angioscopy. 
Patients and Methods 
Between February 1993 and July 1994, with local 
Ethical approval 47 patients requiring infrainguinal 
bypass were randomised by computerised random 
number generation to undergo either full angioscopic 
(ANG) (26 patients) or conventional (CON) (21 
patients) in situ vein preparation. All patients under- 
went preoperative Duplex vein mapping in the Vas- 
cular Studies Unit using an Advanced Technology 
Laboratories Ultramark 9 HDI colour scanner (Ste- 
venage, Herts, U.K.). This gave a prediction of vein 
size and anatomy and with regards to vascular 
endoscop3~ allowed selection of the most appropriate 
size angioscope, relative to the size of the vein. 
Patients allocated to the ANG group underwent 
exposure and control of inflow and outflow vessels as 
appropriate, followed by local dissection and division 
of the proximal and distal long saphenous vein at the 
corresponding levels. A modified Mills' valvulotome 
(Olympus Keymed, Southend-on-Sea, Essex, U.K.), 
fitted with an atraumatic obturator, was inserted 
distally (Fig. 2a) and passed up to the proximal end, 
where the obturator was exchanged for the valvulo- 
tome blade, either a 2.5mm or 3.5mm blade as 
appropriate to the size of the vein (Fig. 2b). The 
valvulotome was then withdrawn a short distance 
into the vein to await insertion of the angioscope. 
For all examinations, Olympus AF 1.4, 2.2 or 2.8ram 
flexible angioscopes (Keymed Ltd., U.K.) were used in 
conjunction with an Olympus angioscopy stack sys- 
tem (Fig. 2), comprising monitor (Sony PVM- 
1442QM), camera nd camera coupler (Olympus OTV- 
$2), light source (Olympus CLV-U20), irrigation pump 
(Olympus AP-E1) and video recorder (Sony SVO- 
9500MDP). For vein preparation, the angioscopes 
were inserted into the proximal end of the vein. To 
minimise the trauma of instrumentation at the entry 
point and to avoid using irrigating catheters alongside 
the 1.4 and 2.2mm angioscopes, a 6cm 6Fr or 8Fr 
introduction catheter (Cordis, Brentford, Middlesex, 
U.K.) was used to cannulate the vein. The angioscope 
was then carefully inserted, via the valve, down the 
cannula and into the vein to view retrograde valvu- 
lotomy and to identify tributaries. 
Plain Hartmann's olution was used for irrigation 
via an Olympus irrigation pump, which allowed 
variable flow rates in both low (30-200ml/min) and 
high flow (200-400ml/min) modes. The high flow 
mode allowed delivery of a rapid bolus of fluid to 
quickly clear the field of view which was subsequently 
maintained by use of the low-flow mode where 
possible, with discretionary further boluses as neces- 
sary. When using the 1.4 and 2.2mm angioscopes and 
the introduction sheath, irrigation was connected to 
the side-arm of the sheath and delivered down the 
sheath alongside the angioscope. When using the 
2.8mm angioscope, irrigation was directed own the 
irrigating channel to emerge at the tip of the 
instrument. 
The angioscope was used to direct valvulotomy 
under direct vision (Fig. 1a-e). The valvulotome blade 
engaged a cusp and was pulled back to lyse it. The 
valvulotome was then passed back up and rotated 
through 180 ° to engage and lyse the opposite cusp. 
Care was taken to avoid positioning the blade eccen- 
trically on the cusp as this could leave a large tag 
which could create resistance to arterial flow. It was 
also important to keep the valvulotome in full view at 
all times, as blind manoeuvres could result in the 
blade hooking into a tributary orifice (Fig. lc) and 
tearing the vein wall. 
The angioscope was also used to locate tributaries 
by identifying the orifices on the endoluminal surface 
(Fig. 1f-g), enabling ligation through longitudinal stab 
incisions and avoidance of a full length leg incision. 
Sometimes, tributary origins were not visible, but the 
site of a patent ributary was evident from a jet of 
backbleeding, pouring into the main lumen on tempo- 
rary cessation of irrigation (Fig. lg). Both valve lysis 
and tributary identification were continued in step- 
wise fashion along the full length of the vein. 
Completeness of valvulotomy and tributary ligation 
were checked on pull-back. As with other forms of 
endoscopy, a clearer view was often obtained at this 
stage of the procedure. All angioscopic manoeuvres 
were recorded on videotape. 
Patients allocated to the CON group underwent 
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Fig. 1. Angioscopic images. (a) Partially open, but intact valve. (b) Intraluminal view of Mills" valvulotome approaching a valve. (c) 
Angioscopic view of Mills' valvulotome, demonstrating the potential ease with which the blade could engage atributary orifice. (d) Mills' 
val~lotome engaging a valve cusp. (e) Patially lysed valve (cusp on right side intact). (f) Tributary orifice. (g) Backbleeding from tributary 
orifice. (h) Anastomotic suture line. (i) Anastomotic suture line with distal outflow tract in distance and toe of graft at 10 o'clock. (j) Retained 
valve cusp seen at angioscopic completion study. (k) Intraluminal thrombus. (1) Intimal flap seen at angioscopic completion study. 
Fig. 2. Preparing for valvulotomy. (a) Insertion of the Mills' valvulotome with blunt obturator into the distal end of the wound. (b) Changing 
the obturator for a 3.5mm cutting blade. 
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exposure of native vessels as above, followed by 
exposure of the vein along its length in the traditional 
way via a full incision which enabled irect identifica- 
tion and ligation of tributaries. Valvulotomy in this 
group was carried out after completion of the prox- 
imal anastomosis using Hall's valvulotomes. 
All patients underwent comparative completion 
studies, including angioscopy (Fig. 1 h and i) and on- 
table arteriography. On-table arteriography was car- 
ried out using 20ml of Ultravist 300 (Schering Health- 
care Ltd.) injected via the side-arm of the introduction 
catheter, inserted into a vein tributary left long for the 
purpose and which subsequently served as a portal of 
entry for the angioscope. Technical defects including 
retained valve cusps (Fig. lj), persistent arteriovenous 
fistulae, intraluminal thrombus (Fig. lk) and intimal 
flaps (Fig. 11) were corrected where possible prior to 
closure if appropriate, as it was not considered ethical 
to close in the presence of a potentially graft- 
threatening problem, whilst appreciating that such a 
practice biases direct comparison of graft patency in 
the two groups. Numbers of valves, tributaries, 
volumes of irrigation fluid used for both graft prepa- 
ration and completion studies, duration of vein 
preparation and overall operating times were all 
recorded intraoperatively. 
Postoperativel3~ all patients were monitored for 
wound problems by a surgeon (YGW). Patients were 
discharged with a wound questionnaire for the district 
nurse in an effort to gain information regarding late 
morbidity. All patients were entered into the Duplex- 
based graft surveillance (GS) programme and were 
scanned at 1 week, 6 weeks and 3, 6, 9 and 12 months 
postoperatively in the search for discrete, asympto- 
matic stenoses which could place the graft "at risk". 
Hospital stay was recorded and both 30 day and 12 
month patencies were calculated for comparison of 
the two groups. Life table analysis was carried out 
according to the guidelines of the Ad Hoc Committee 
on Reporting Standards. 12
Results 
Of the 47 patients recruited into the stud3~ five were 
subsequently excluded (3 in the ANG group and 2 in 
the CON group) as the vein was abandoned in favour 
of prosthetic material after angioscopic inspection 
showed gross intraluminal pathology and the vein 
was felt to be non-viable. Table 1 lists comparative 
demographic data for the remaining 23 ANG and 19 
CON patients, including age, sex distribution, inci- 
dence of diabetes, presenting complaint, and outflow 
Table 1. Comparative demographic data for the two groups 
Presenting Outflow 
Mean Sex complaint level 
Study age (yrs) ratios 
group [range] M:F Diabetes I.C. Cr.I. A /K  B/K T/P 
ANG 71.2 17:6 26% 39% 61% 9 8 6 
[39-93] 
CON 69.6 12:6 44% 58% 42% 8 7 4 
[5~821 
I. C.: intermittent claudication; Cr. I.: critical ischaemia; A/K: abow 
knee; B / K: below knee; T / P: tibial / pedal. 
level. The two groups were well-matched in all aspects 
studied other than presenting complaint, here being a 
greater proportion of poorer-prognosis patients with 
critical ischaemia in the ANG group. The median 
follow-up was 8.5 months (range : 1 week to 20 
months). 
Table 2 lists comparative operative data for the two 
groups. The groups were well-matched with regards 
to frequencies of tributaries and valves and there was 
no significant difference with respect o duration of 
vein preparation and overall operating time. As would 
be expected, more irrigation was used in the ANG 
group for vein inspection, preparation and completion 
studies compared to the CON group where it was 
used for inspection and completion studies only. There 
was no morbidity attributable to fluid overload. 
In this study, there was no significant difference 
between the groups with respect o median hospital 
stay, 11.5 days (5-21) for the ANG group and 13.1 days 
(7-21) for the CON group (Mann Whitney U-test :p = 
0.300). However, there were significantly fewer 
wound problems in the ANG group. There was a 57% 
response rate to the district nurse questionnaires. 
Table 2. Comparative operative data for the two groups. (Data 
represent medians and ranges in parentheses) 
ANG CON 
(n=23) (n=19) 
Tributaries 7.5 8 
(4-12) (6-14) 
Stab incisions 3 N /A  
(25) 
Valves 4 5 
(2-8) (2-8) 
Duration of vein 50 52.5 
preparation* (min) (21-120) (25-120) 
Duration of operation* (h) 3.5 3 
(2.45-7.0) (2.25-4.5) 
Overall irrigation used (ml) 1134 586 
(430-2202) (390-1245) 
Volume of irrigation for vein 843 N/A  
preparation (ml) (128-1992) 
*No significant difference between the two groups. 
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Study proformas and questionnaires were analysed 
and patients graded from 0 to 3 as to severity of 
wound morbidity. Grade 0 was assigned to a patient 
with no wound problems. Grade 1 denoted mild 
wound problems, such as superficial cellulitis, slight 
dehiscence and/or mild discharge, with or without 
proven infection, but not delaying discharge from 
hospital. Grade 2 was assigned to patients with 
moderately severe morbidit~ requiring non-surgical 
treatment in hospital for various problems, including 
seromas, haematomata, abscesses and dehiscence. 
Grade 3 was assigned to patients with severe wound 
problems requiring hospitalisation and surgical treat- 
ment, including drainage, re-suturing and graft exci- 
sion. All graft infections were automatically assigned 
grade 3. 
Taking all grades, there was a 26% incidence of 
wound morbidity in the ANG group as against 63% in 
the CON group (Fisher's exact est : p = 0.043) (Table 
3). The majority of wound problems in the CON group 
were attributable to mild morbidity such as cellulitis, 
mild bruising and superficial infection. The incidence 
of more significant wound problems (grades 2 and 3) 
was 17% in the ANG group and 32% in the CON 
group (Fisher's exact est : p = 0.228). There was a 22% 
positive wound culture rate in the ANG group as 
against 32% in the CON group, the majority of 
isolated pathogens being Staphylococcus species. 
Life table analysis revealed 30 day secondary 
patencies of 96% and 100% in the ANG and CON 
groups respectively. Twelve month secondary cumu- 
lative patencies were 73% for the ANG group and 58% 
for the CON group (no significant difference, log rank 
test : p > 0.5). Twelve month cumulative limb salvage 
rates were 87% and 94% for the ANG and CON 
groups respectively (log rank test : Chi-squared test = 
0.978; df : 2; p < 0.2). Caution should be exercised in 
the interpretation of these patency/salvage rates in 
view of the small numbers and the disparity in 
presenting complaints between the two groups. 
Completion angioscopy detected eight persistent 
valve cusps in six patients which were missed at 
arteriography and were all lysed before closure. Only 
one of the retained cusps was in a patient from the 
Table 3. Table displaying comparative wound morbidity data 
Wound score ANG CON 
0 14 6 
1 5 7 
2 1 3 
3 3 3 
Total 23 19 
Fisher's exact test: p=0.043. 
ANG group; the remaining seven cusps in five 
patients persisted after Hall's valvulotomy in the 
CON group. Eight persistent arteriovenous fistulae 
were found in six patients and all were detected by 
completion arteriography, whilst only one was seen at 
completion angioscopy. By contrast with retained 
valves, all but one patient came from the ANG group. 
Ligation of fistulae prior to closure was discretionary 
and based on size; large fistulae were ligated, whilst in 
two patients with one small fistula each, further 
intervention was withheld and indeed, on check 
DSA's at 3 months postoperatively, these connections 
had closed spontaneously. 
No anastomotic abnormalities were found on angio- 
scop~ but anecdotally, endoscopy was useful in 
excluding a false positive filling defect, seen on 
arteriography at the distal anastomosis of one graft. 
Confirmation that there was no abnormality on direct 
visualisation avoided the need for revision of the 
anastomosis. 
Discussion 
This study has confirmed that in both therapeutic and 
diagnostic modes, angioscopy confers benefits during 
infrainguinal bypass grafting. There is a reduction in 
wound morbidity by avoidance of the extensive, full- 
length incisions associated with in situ grafting and 
angioscopy complements preoperative Duplex vein 
mapping by allowing assessment of unsuspected 
endoluminal pathology. In this context, angioscopy is
applicable to reversed as well as to in situ vein grafts. 
Angioscopy also complements on-table arteriography 
for the detection of technical defects, particularly 
retained valve cusps. 
Improved wound healing might have been assumed 
to reduce length of stay and there was a trend towards 
shortening of hospital stay following angioscopic 
preparation (by nearly 2 days), but this was not 
statistically significant. This may reflect the finding 
that most of the wound morbidity was accounted for 
by grade 1 abnormalities in both groups. However, 
hospital stay is influenced by many factors other than 
wound morbidity and is an unreliable measure of 
patient well-being. The reduction in stay noted in the 
previous study from this unit using historical con- 
trols 11 probably reflects changing patterns of practice 
and the trend towards shorter hospital stay in all 
surgical specialities during the recent past. 
There was a trend towards improved patency at 12 
months following angioscopic vein preparation, but 
this was not statistically significant and numbers were 
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too small to draw conclusions. However, there was 
certainly no detrimental effect on patency. Accurate 
comparison of cumulative patencies was flawed by 
our practice of correcting all technical defects een at 
completion studies prior to closure. However, it is 
interesting to note that the potentially poorer prog- 
nosis of the ANG group was not reflected in a poorer 
outcome. 
The wound grading system used in this study was a 
modified version of that used by Szilagyi et aI. to 
classify a large series of infected prosthetic grafts, a3 
The justification for angioscopic identification and 
ligation of tributaries arises from the wound morbid- 
ity associated with full dissection of the long saphe- 
nous vein. Preoperative Duplex vein mapping has 
already made a contribution to improving wound 
morbidity by reducing the need to undermine the skin 
flaps. 14 The reported incidence of wound morbidity 
associated with conventional exposure of the saphe- 
nous vein ranges from 17% through 33% to 44%. 1s-z° 
The 63% wound infection rate in the CON group in 
this series seems excessive, but includes all morbidity 
and takes account of problems following discharge 
which has been ignored in previous series. Wound 
morbidity is apparently a much underestimated phe- 
nomenon following bypass. Despite the wound prob- 
lems in these series, neither graft survival or limb 
salvage was adversely affected. Reifsnyder et al. 
advocated an aggressive policy for treatment of 
wound complications to enable limb salvage. 19 Inter- 
estingly, presence of diabetes, had a variable influence 
- -  being unrelated to frequency and severity of 
wound morbidity in some series, 15"~6'~9'z° although a 
definite risk factor in others. 17'1s Although not statisti- 
cally significant, he higher proportion of diabetics in 
the CON group may have accounted for the increased 
wound morbidity in this group. However, the true 
influence of diabetes remains doubtful. Maini et al. 
also found a significant difference in favour of patients 
undergoing preoperative Duplex-mapping/angio- 
scopic preparation as against traditionally-prepared 
vein ~rafts in terms of wound morbidity and hospital 
stay. 21 They also noted a reduction in the severity of 
postoperative oedema, which facilitated mobilisation 
and possibly shortened hospital stay. 
With regards to patency as an end-point, his study 
is in agreement with other series. To date, most series 
have failed to demonstrate a patency advantage with 
angioscopy in terms of patency rates, although 
equally, no deterioration has been noted. Harward et 
al. claimed superior patencies following angioscop- 
ically-assisted infrainguinal reconstruction when corn- 
- • • 22  " i  n pared to historical controls. In addit 0 , there have 
been no large, prospective, randomised studies look- 
ing at outcome following angioscopic vein prepara- 
tion. Clair et al. have published the results of a small, 
prospective comparative study between angioscopic 
and traditional methods of vein preparation and 
found no significant differences in terms of graft 
patency, hospital stay or wound morbidity. 23 Critics of 
angioscopy cite potential endothelial damage as an 
objection to its use. The impression amongst some is 
that the intraluminal instrumentation would impair 
mid-term patency by encouraging intimal hyperplasia 
in the repair process. Therefore, maintenance of 
patency rates following angioscopic preparation is 
encouraging as it would tend to refute the concern 
regarding the impact of intraluminal manipulation 23 
and in further support of this are animal studies which 
showed that angioscopically-induced damage did not 
jeopardise arly patency, z4
The findings in relation to completion studies are 
very much in keeping with previous published series 
comparing angioscopy and arteriography. 6-sArteriog- 
raphy underestimates retained valve cusps and as 
with this stud)~ Woefle et al. found that angioscopy 
was superior to arteriography for monitoring com- 
pleteness of valvulotom~ but felt that arteriography 
was more useful for evaluating run-off, s In this Unit's 
experience, run-off can be readily scrutinised if using 
the 1.4mm angioscope, but arteriography was defi- 
nitely the modality of choice for detection of arterio- 
venous fistulae. Overall the two modalities are com- 
plementary in graft evaluation. 
This study confirms the practicality of using angio- 
scopy for in situ vein graft preparation. There is a 
learning curve for acquisition of the necessary skills 
and inevitabl)~ as experience grows, less time is 
needed and less irrigation fluid is consumed. Angio- 
scopy has proven application in quality control, 2s but 
little data has been forthcoming on its therapeutic role 
in vein preparation. The logical development of 
angioscopic localisation of vein graft tributaries to 
enable their ligation through a series of stab incisions, 
is the angioscopic guidance of catheters for tributary 
embolisation with either coils (nitinol or platinum) or 
gel (Prolamine, Ethicon, Edinburgh, U.K.) to avoid 
incisions altogether other than over the anastomotic 
sites. "Minimally invasive" endovascular occlusion of 
tributaries has been successfully tried in animals 26 and 
human cadavers 27and more recentl~ results of clinical 
experiences have been published showing the method 
to be feasible, 28 although expense and duration are 
limiting factors. In this series, wound morbidity was 
reduced after angioscopic preparation, although 
despite this, hospital stay was not significantly differ- 
ent. This study is limited by its small size and justifies 
the need for a large, randomised, prospective, multi- 
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centre study to further evaluate the role of angioscopy 
more clearly with respect to current vascular 
practice. 
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